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Abstract 
The Low Energy Neutron Source at Indiana University began construction in the fall of 2003, and the facility has 
now been producing cold neutrons for approximately 8 years. LENS now has three instruments in operation on its 
cold target station as well as a facility for investigating neutron radiation effects on a second target station. 
Instrumentation development continues to represent a significant fraction of the activity at LENS, with the current 
activities focused primarily on neutron spin manipulation and moderator development. Research into the effects of 
confinement on simple and complex fluids has dominated our materials investigations. In this paper, we summarize 
recent activities in these areas using each of the instruments and provide an update on our operational experience over 
the last few years. 
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1. Introduction 
The major changes that have been implemented at the Low Energy Neutron Source (LENS) [1, 2] 
since our last report at UCANS-II [3] have been the commissioning of a third instrument and construction 
of a platform to ease access to the cold target station, the installation of an in-situ 3He spin analyzer on the 
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SESAME instrument, and the updating of the Device Under Test (DUT) assembly on the radiation effects 
target station to allow testing of larger components. 
The new instrument, the Moderator Imaging Station (MIS) was designed to allow 1 or 2 dimensional 
images of the moderator to be captured through either slit or pin-hole collimation inside the vault of 
TMR-2. This instrument was designed primarily for evaluating the spatial or angular variation of intensity 
from moderators under test, but it has also proven very useful as a convenient beam line for testing novel 
neutron detectors. To date, we have tested scintillation imaging detectors and a variety of detectors for 
fundamental physics applications (including candidate detectors for dark-matter and electric dipole 
moment searches). The instrument can provide instantaneous count rates in excess of 102 n/(cm2ms). At 
the peak in the spectrum in such detectors and the crypt available for housing a test detector is quite large 
(roughly 60×60×600 cm3) and flexible, which allows a variety of detector configurations to be considered.  
With the commissioning of this instrument, data acquisition times on test moderators are now determined 
by the needs of emission time distributions rather than by the demands of the spectral measurements. The 
background rate at long wavelengths in this instrument is small compared to high power sources such as 
SNS and allows for long integration times on CCD-based detectors. 
 
 
 
 
 
 
 
measurements of energy/angular or spatial variations in intensity. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Floor plan of LENS. Three instruments are now operating on the cold target station, a platform has been added to ease access 
to the cryogenic moderator, and the radiation effects target station has been modified to accommodate larger circuit boards for 
testing. 
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Fig 2. The MIS instrument at LENS. This very simple instrument features a 2×80 mm2 slit (defined by BN plates in a stainless steel 
enclosure that provides significant fast neutron shielding) located within the vault but approximately 2 m from the moderator face 
for 1-D imaging of the neutron emission from that moderator. A wedge of BN may be inserted in this assembly to define a roughly 2 
mm diameter pin hole for 2-D imaging of the moderator. The beam enters a concrete crypt that is lined with boron carbide plates 
(ZIP-mix material from the SNS) for the first 67 cm. An imaging detector may be placed right outside the vault wall (shown in light 
green in the above figure) by a Thomson-rail trolley that slides along the crypt. Access to the detector crypt is through a door located 
roughly half-way down the crypt, which is large enough to accommodate a variety of test detectors. 
 
 
2. Operational experience 
During 2012, LENS has operated for a total of 2600 hours, with the vast majority of this operation 
devoted to the use of our cold neutron instruments on TMR-I, with 300 hours devoted to the fast neutron 
system (for both radiography and radiation effects research) on TMR-II. When we last reported on LENS 
operations, the primary concerns were the limited lifetime of the beryllium target and the reliability of the 
RF systems powering the linac [3]. Just prior to UCANS II, we had installed a thinner (1 mm thick) target 
to allow the proton beam to range out in the cooling water rather than the target itself, but we did not yet 
have significant operational experience with the new target [4]. Since that change, we have had only one 
target failure, which was associated with a small crack in the center of the beryllium. The reasons for this 
failure are not yet known. We currently replace targets roughly every 80 to 100 kW days of operation, 
because for periods longer than this, we develop vacuum leaks through the elastomer seals on the target 
(recall, we had previously used metal seals here, but they failed due to thermal fatigue rather early, and 
their use greatly complicated the engineering of the target mount). We may have seen marginal 
improvement in elastomer resistance to radiation by changing from Viton to E740 for the O-rings near the 
target, but our data to date are not conclusive in this regard. It is, however, clear that the E740 material is 
much easier to deal with in the radiation environment in the sense that it remains relatively pliable after 
failure and is easily removed from the groove for replacement. In contrast to this, our experience with 
Viton O-rings near the target is that they can become quite hard and difficult to remove upon failure. 
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Therefore, E740 is much the preferred materials from the point of view of minimizing exposure to 
personnel during target maintenance. 
Our klystron performance has been much more reliable since we started preheating the oil in the high-
voltage tank for several days prior to the start of operations.  
Early in the development of LENS we made a decision to utilize the data acquisition systems 
developed for the SNS instruments, and assistance from the SNS has been invaluable over the years. This 
arrangement enriches the educational experience for our students, in that they have significant experience 
with the system prior to arriving at the SNS for an experiment, and it has certainly provided LENS with a 
more powerful system than we would have been able to develop in house. On the other hand, we have 
experienced some difficulties in maintaining compatibility with the SNS system as it evolves, and our 
students and other users are confronted with a rather complicated system when they are first starting out. 
To date these difficulties have been manageable, but as the SNS moves toward a more extensive revision 
of their system maintaining compatibility may impose greater economic pressure on LENS operations 
than we have experienced to date (e.g. to update computer hardware on three instruments). This is a factor 
that should be weighed carefully by other facilities as they make decisions on data acquisition systems. 
Although LENS have proven its ability to support research into the structure of materials (see Section 
4 below), it has become apparent in recent years that the operational mode we had initially envisaged, in 
which the facility serves as a regional center for neutron scattering, has proven problematic. We have 
found it difficult to obtain the funding needed to support the instrument support staff that would be 
needed to run an effective outside user program.  Moreover, travelling to LENS to conduct an experiment 
by a “regional” user is not substantially less expensive than travelling to one of the National facilities, and 
the instruments at LENS are not superior to those available at the major facilities.  Therefore, a model for 
materials research by a regional user base does not, in the final analysis, make sense.  Consequently, our 
current operations are focused on materials research by local users (i.e. users on campus, or within daily 
commuting range of campus), and a national/international user program focused on instrumentation 
development (an area where the small source concept holds significant advantages over larger scale 
facilities from the standpoint of cost and flexibility). One exception to this general picture is in our 
operation of the second target for radiation effects research, where we support a number of outside 
commercial users as well as research partnerships with regional defense bases with a strong interest in 
this area [5]. As with the instrumentation development, this activity capitalizes on relatively unique 
features of the LENS facility (in particular its low energy, tunable spectrum, and proximity to a sister 
facility capable of performing radiation testing with protons up to 208 MeV). It appears that it makes 
most sense for CANS-class facilities to offer outside user programs that exploit facility features that are 
not duplicated at major facilities.   
3. Instrumentation development  
Our research into novel moderator concepts continues, and now involves collaborators from the SNS, 
Los Alamos, ESS, and ISIS neutron sources, precisely the sort of collaboration that UCANS has tried to 
foster over the last four years. Much of our recent work has concentrated on the so-called convoluted 
moderator concept, in which layers of a moderating medium are interleaved with single crystal layers to 
provide escape paths from deep within the moderator for thermalized neutrons. We provided a 
preliminary description of this concept at UCANS II [6], and a full description of the concept and our 
results with polyethylene and silicon has been submitted for publication [7]. The most remarkable 
features of this design are the dramatic angular dependence of the emission pattern and our recent 
observation that the effect is not present when we use liquid water as the moderating medium rather than 
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silicon. This surprisingly difference between polyethylene and water is not presently understood, but is 
the subject of further investigations.  
Our activity on the convoluted moderator has helped to precipitate interest in improving the tools 
available for Monte Carlo based neutron transport codes (such as MCNP), and we have embarked upon a 
program to benchmark scattering kernels using experimental data from test moderators at LENS. In this 
effort we have sought to extend our capabilities for measuring emission time distributions [6]. We have 
now demonstrated the ability to measure such distributions with a dynamic range approaching 3 orders of 
magnitude for energies of 8.4 and 25.3 meV on coupled moderators with less than 12 hours of beam time 
(information is also available at higher energies, but the dynamic range there is limited by statistics or 
overlap with lower order peaks in the Ge (111) family of reflections). We are now also able to take into 
account the proton pulse shape in fitting to individual peaks in the spectrum by fitting a convolution of 
the measured proton pulse with an analytic functional form such as Ikeda-Carpenter [8, 9] to the data. We 
are presently working on a true deconvolution procedure, but we have yet to determine the ultimate 
resolution this will yield given the statistical quality of our data.  
In addition to this work on moderator development, we have embarked on an extensive program 
devoted to developing devices for manipulating the neutron spin with broad-band pulsed neutron beams 
[10,11]. This effort, which is based on the use of high-Tc films (YBCO) to define precisely the geometry 
of the magnetic fields use to manipulate the spin, is described in greater detail elsewhere in these 
proceedings. Devices that we have investigated include a simple cyro-flipper capable of flipping beams as 
large as 40×40 mm with greater than 99.5% efficiency, triangle coils suitable for SESAME (spin-echo) 
encoding of neutron trajectories, and a compact device for spherical neutron polarimetry. The commercial 
availability of YBCO films has allowed us to make high-performance, compact, and cost-effective 
devices, and we are now embarking on a program to extend the range of science to which these spin-
manipulation techniques may be applied. 
4. Activities on the instruments  
Both the SANS and SESAME instruments are now producing scientific results as well as contributing 
to the instrumentation development mission of the facility. A key result to come from our studies on the 
SESAME instrument is the importance of having a 3He-based analyzer for this technique rather than a 
supermirror analyzer when employing an instrument that utilizes long wavelength neutrons. The variation 
of the analyzing power with neutron phase space of the supermirror analyzers introduces artifacts that 
interfere with the interpretation of the data, particularly on a pulsed source, whereas the 3He provides 
uniform spatial analyzing power and a broad angular acceptance. Furthermore the device is continuously 
pumped removing the time dependence of the analyzing power and represents the longest continuous 
operating of such a device in neutron scattering to date. A dynamical theory for analyzing SESAME data 
from complex fluids trapped in periodic confinement, such as diffraction gratings, has also been 
developed and is being exploited to investigate the influence of such confinement on the structure of 
colloids and other complex fluids. 
The SANS instrument has been used to study the structure of worm-like micelles [12], the 
microstructure in polymer-based solar cells [13], and a variety of confined fluids. In addition to these 
measurements, the instrument has been used to support a number of other projects, such as measurements 
of scattering from components of spin-manipulation devices [10,11], windows being considered for 
fundamental neutron physics experiments and to screen samples to be used in experiments at national 
facilities. The instrument can also be used to measure neutron transmission over an energy range from 
below 0.1 meV to over 1 eV. 
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